The sucrose hydrolysis and the preference of consumption of glucose instead of fructose were investigated for th production of 5-hydroxy-2-hydroxymethyl-γ -pyrone (HHMP) in the presence of Aspergillus flavus IOC 3974 cultivat in liquid Czapeck medium. Standardized 0.5g of pellets were transferred as inoculum into twelve conical flasks 250 ml containing 100 ml of medium with different sucrose concentration, which was kept at 120 rpm and 28 • C f 16 days without pH adjustment. Aliquots of 500μl of the broth culture were withdrawn at 24 h intervals and analyze The major yield of HHMP was 26g l −1 in 120g l −1 of sucrose. At these conditions, A. flavus produced an inverta capable of hydrolyzing 65% of total sucrose concentration in 24h, and an isomerase capable of converting fructose in glucose. In this work, it focused the preference for glucose and, then, of fructose by A. flavus and the strategy used produce HHMP.
INTRODUCTION
Fungi are lower eukariotes microorganisms that have been important in both ancient and modern biotechnological processes. They are known as excellent metabolites producer agents of antibiotics, alcohols, enzymes, organic acids, pharmaceuticals and several organic compounds (Wang et al. 2005) . Fungi present a different way of nutrition. They secrete in the environment a wide range of secondary metabolites and powerful enzymes, such as peroxidase and hydrolases, among others, which oxidize and hydrolase lignins, cellulose and polysaccharides into micro molecules, such as phenyl alcane 2003). Based on this mode of action, fungi are cla in the fifth kingdom (Bennett 1998) , and can be as yeasts, molds and mushrooms that produce m lites and enzymes with biological activities. In t pect, the genera Aspergillus, Penicillium, Peacylo and Fusarium present high potential in producing metabolites and enzymes that must be screened in range of strain to select a great producer (Mercie 1998) . This kind of work developed with fungi is as Mycotechnology, which is one part of Biotech operating at the scientific frontier approaching me food industry, agriculture and cosmetic by the fo is a secondary metabolite produced from carbohydrate sources, mainly from those with pyranosidic structures, by aerobic fermentation (Ariff et al. 1997) . However, other fungi that belong to Aspergillus genera were described to produce the same metabolites: A. oryzae (Wakisaka et al. 1998 ), A. tamarii (Rosfarizan et al. 1998 and some strains of A. parasiticus (Varga et al. 2003) .
This substance is industrially interesting (Park et al. 2003) for presenting an inhibitory activity against tyrosinase ( Kim et al. 2004 ) and other several correlated enzymes, such as the polyphenol oxidases (PPO) (İyido-gan and Bayindirli 2004) . Previous studies showed that this substance presented antibiotic activity. It also presents an potential application as a precursor of flavor enhancer and as an antioxidant agent by inhibiting oxidations of polyphenol (Ariff et al. 1996) . Several works have been developed to discover new microorganisms and substrates that can be used in the production of HHMP (5-hydroxy-2-hydroxymethyl-γ -pyrone) (Burdock et al. 2001) . However little is known about the mechanisms of HHMP formation, and only biosynthesis discussions have been published without characterizing the enzymes, the biotransformation of different sources of carbohydrate to HHMP, and the kinetic parameters for glucose and sucrose (Mohamad and Ariff 2007).
During sucrose fermentation by A. flavus, the HHMP is synthesized by the direct conversion of glucose through multistep enzyme reactions. Although the enzyme system involved in HHMP biosynthesis was found to be very stable under a chemically defined resuspended cell system, the action of fructose-isomerase was never observed before.
The present study was undertaken to investigate the different sucrose concentrations on the biotransformation of this disaccharide to HHMP and monosaccharides preference of consumption during filamentous fungus cultivation after the hydrolysis of the glucose by an invertase produced fungus.
MATERIALS AND METHODS

MICROORGANISM AND MEDIUM
conidia were suspended in a sterile solution of NaCl (1% w/v) and used as the initial inoculum (S1). In this work, three types of culture media were used to investigate the adaptation and better mycelial development of A. flavus: Czapek Dox agar (CDA), potato dextrose agar (PDA), and Sabouraud agar (SBA) (Keller et al. 2003) . All of the media were sterilized at 121 • C (1kgf cm −2 ) for 15 minutes. The sucrose used as a carbon source was added into the media in different concentrations, and the pH was adjusted to 5.5 with NaOH (1 mol l −1 ) before sterilization. FOR OBTAINING CONIDIA (SPORES) Amounts of 500μl of the initial spores suspension (S1) of A. flavus (± 10 8 conidia ml −1 ) were transferred to Petri dishes containing 20 ml of CDA with a concentration of sucrose of 30 g l −1 and incubated at 28 • C for 10 days. A volume of 20 ml of a sterilized solution of NaCl (1% w/v) was used on the plates for obtaining a second suspension of spores (S2).
CULTIVATION OF Aspergillus flavus
EVALUATION OF Aspergillus flavus GROWTH
ON SOLID MEDIA Amounts of 50μl of the suspension (S2) were transferred to a 5 mm disk of cellulose, centralized on the plates containing CDA medium with different sucrose concentrations: 30, 60, 120, 240 and 360g l −1 and incubated at 28 • C for 10 days. This procedure was made in triplicate and repeated for the PDA and SBA media. The mycelial growths were evaluated by the biometric orthogonal axes method. The culture media containing the different sucrose concentrations were evaluated at every 24 h intervals by the measurement of mycelial growth diameters in the two directions of the orthogonal axes. Statistical analysis was applied, as well as the formation of the conidia was evaluated qualitatively. The culture media that presented better mycelial growth and good spores formation was selected and used as a medium of A. flavus cultivation (E1).
STANDARDIZATION METHOD FOR OBTAINING A. flavus better growth (E1) was transferred to five conical flasks of 250 ml containing 100 ml of Czapek liquid medium (pH 5,5) with concentrations of 30, 60, 120, 240 and 360g l −1 of sucrose properly sterilized at 121 • C for 15 min. Then they were incubated in a shaker at 120 rpm with the controlled temperature at 28 • C for 72h. Each conical flask was submitted to a vacuum filtration with a Büchner funnel with a quantitative filter paper. After the filtration, mycelium as pellets was used as inoculum. Standardization was carried out by transferring 0.5 g of pellets amounts from a flask containing 6% of sucrose to 250 ml conical flasks containing 100 ml of Czapek culture medium with the addition of 30, 60, 120, 240 and 360g l −1 of sucrose. This experiment was prepared in triplicate and further incubated at 120 rpm and 28 • C for 16 days.
EVALUATION METHOD OF DIFFERENT CONCENTRATIONS
OF SUCROSE ON THE MYCELIAL DEVELOPMENT OF A. flavus AND HHMP PRODUCTION Standardized 0.5 g amounts of pellet as inoculum were transferred from the flask containing 6% of sucrose to twelve conical flasks of 250 ml, each one containing 100 ml of Czapek medium with different sucrose concentrations: 60, 120, 240 and 360g l −1 . The cultivation was kept at 120 rpm and 28 • C for 16 days without a pH adjustment. Aliquots of 500μl of the broth culture, without mycelium, were withdrawn at 24 h intervals, and transferred into glass vials of 10 ml. This experiment was prepared in triplicate and samples were analyzed for the quantification of HHMP and residual saccharides.
METABOLITE IDENTIFICATION
The identification of the metabolite was performed by comparing the sample with the standard. We used carbon-13 nuclear magnetic resonance spectroscopy (VARIAN/MERCURY 300 MH Z ), and the dimethyl sulfoxide (DMSO) as solvent, and Infrared Spectroscopy (Spectrometer SHIMADZU -IR 740).
QUANTIFICATION OF KOJIC ACID sorbances were determined in triplicate by UV-Vi trophotometry (GBC 911 system) at 269 nm.
Amounts of 50μl of the samples were tran to a volumetric bottle of 50 ml, and the volume wa pleted with deionized water. A quantitative analy performed as described in (Gomara et al. 2004) sample was analyzed in triplicate.
QUANTIFICATION OF THE TOTAL REDUCING SUGAR
Amounts of 250μl of the samples and 200μl of H were transferred to volumetric bottles of 50 ml a residual non-reducing sugar (sucrose) was hydr at 70 • C for 10 minutes in a water bath. After c the solution samples were neutralized with 200μ solution of NaOH 1N. The bottles were complete deionized water. Amounts of 1.5 ml of this solutio transferred to glass tubes and aliquots of 0.5 ml o kaline solution of 3,5-dinitrosalicilic acid (DNS added. The analysis was performed in a Quimis Q798 spectrophotometer. Each sample was analy dividually in triplicate. The pH was measured at t and the 16 th days of incubation. Fructose was qua by Saliwanoff, and glucose was quantified by diff
The standard curve was built as follows: fructo measured by the adapted Seliwanoff's method des by Souza et al. (2007) . From a standard solu fructose (150 mg/100 ml), aliquots were withdraw transferred to individual glass tubes and diluted w tilled water to reach 1, 10, 20, 30, 40-100mg/100 fructose and ready to reach 200μl of individual so 4ml of Seliwanoff reagent were added, and the so were boiled for 3 minutes and analyzed by spect tometer at 486nm after reaching the room tempe Samples were measured in the same way, replacin tose solution by broth medium aliquots. The results showed that CDA presented the best mycelial growth (Table I ). The sucrose concentrations above 120g l −1 of sucrose presented smaller mycelial growth. Several factors might have influenced the decrease of the metabolism, like the osmotic pressure and the high fructose concentration after sucrose hydrolysis. The analysis of the different concentrations of the substratum showed that sucrose 30g l −1 presented a smaller mycelial growth when compared with the concentrations of 60 and 120g l −1 . The results were important to evaluate the mycelial growth profile of A. flavus in different media with different sucrose concentrations in a period of 9 days to select the one which presents the best conditions for A. flavus adaptation. In this case, CDA with 120 g l −1 of sucrose was the chosen medium for the cultivation of this microorganism, even in a solid to produce the conidia.
RESULTS AND DISCUSSION
MEASUREMENT
STANDARDIZATION OF THE INOCULUM WITH PELLETS
The culture medium CDA with 60g l −1 of sucrose presented more spherical shape and an uniform pellet size with a diameter interval of 1.5 mm = D = 3 mm. The standardization of the inoculum was accomplished with a better standardization and quantification of the inoculum in the biotechnological process for the production of HHMP. However, the use of conidia had a huge margin of error due to its fast sedimentation in the suspension. For this problem, a standardization of the inoculum was developed with pellets.
IDENTIFICATION OF HHMP
The identification of HHMP was performed using carbon-13 nuclear magnetic and Infrared Spectroscopy. The spectra of samples were compared with the spectra of standards HHMP. These spectra showed similar chemical shifts (Table II) . Infrared spectroscopy was performed from KBr pellets at a ratio of 1:400 (sample/KBr) and 1:600 (standard/KBr). The spectra of infrared absorption bands bonyl. Absorption in the aromatic region was not observed.
These results confirm the authenticity of the identification of the metabolite produced by A. flavus as the 5-hydroxy-2-hydroxymethyl-γ -pirone.
QUANTIFICATION OF HHMP PRODUCTION
The cultivation of A. flavus in solid medium showed that the level of sucrose concentrations is equal to 240g l −1 , and 360g l −1 do not permit an identical metabolism as that one for 120g l −1 . These results were the basis for the investigation of the development of mycelial growth in liquid medium. In this case high concentrations of sucrose increased the viscosity and the osmotic pressure. This aspect also influenced a smaller diffusion of the molecular oxygen, affecting the biosynthetic route of HHMP production. The maximum metabolite production was reached at the 15 th day of cultivation, influenced by different concentrations of sucrose (Fig. 1) . This production has started from at the 6 th day for all sucrose concentrations. However, 60g l −1 and 120g l −1 of sucrose presented a better production, reaching out 21g l −1 and 26g l −1 of kojic acid, respectively (Table III). The best yield coefficient was 0.367g of HHMP per gram of added sucrose. These results are indicative of an important information, so that they established better conditions of cultivations for high HHMP production in a biotechnological process. The quantification of residual sugar concentration 3.8% (w/w) from the initial amount that was add the medium (Table IV) . The smallest adaptation of the filamentous in PDA could have happened due to the absence o eral salts, mainly phosphate, which is a very im nutrient for glycolytic route and the Krebs Cycl the other hand, Sabouraud and Czapek media p enough amounts of the nutrients that are necess the development of the mycelium. The differen that, in this specific investigation, the standard H presented pale yellow coloration in solution, so can be confused with the coloration of the own medium. Because of the hydroxyl and keto gro the position C-4 and C-5, this structure presents tial to chelate transition metals, mainly iron, pro red coloration. A number of works proved the ca of γ -pyrones to form complexes with metals such (Marwaha and Sohi 1994) . In this process, sucro used as a source of carbon and was hydrolyzed by tase to form glucose and fructose in the culture m by the microorganism. The glucose was consum mediately and acted as a precursor for HHMP. Fr was then isomerized to glucose and follows the biotransformation. The production of fructose wa sured by the method of Seliwanoff, which was a and described as Souza et al. (2007) . HHMP p a six-member ring and all the evidences indica it was produced by the biotransformation of glu few main steps, without a break of the monosacc chemical structure.
This study was developed to optimize the p production of this metabolite, starting from sucr presented innovative results from the biochemica of view. In this study, it was observed that the s had been 65% w/w of its total concentration in drolyzed culture medium, being obtained fructo glucose by an invertase produced fungus. Duri sucrose fermentation in a submerged cultivatio Aspergillus flavus initially consumed the glucose, was observed by the concentration decline of this saccharide in the culture medium. However, the fr that was produced in the same concentration rem pened because an isomerase converted the fructose into glucose, which could be evidenced by the increase of the glucose concentration starting from 168h, and remaining constant up to 264h in the culture medium. In fact, centration of this monosaccharide felt in function of the isomerase activity. This enzyme was not characterized in this study yet. A residual sugar concentration was analyzed to the yield of HHMP reached 26g l −1 , and the residual sugar measured was 3.8% (w/w) from the initial amount (Table III) . In the same way, the percentage of HHMP measured in relation to initial sugar concentration was 21.67% (w/w). It was demonstrated that 78.4% (w/w) of sugar were converted to mycelial biomass, carbon dioxide and other macromolecules not quantified.
CONCLUSION
The following conclusions can be drawn from the above results:
A. flavus could hydrolyze sucrose, isomerize fructose into glucose, and biotransform this monosaccharides to HHMP. In this case, it was not possible to quantify the yield of isomerization due to microorganism just consuming the produced glucose. However, the maximum concentration of fructose was 15g l −1 in the cul- 
